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[57] ABSTRACT 

A system and method are disclosed for controlling a 
shift event in a transmission wherein a shift actuator 
develops a force to effect the engagement of a clutch 
collar and a gear. The method comprises detecting, 
when a non-folly engaged condition of the clutch oollar 
and the gear occurs, indicating either a tooth butt or 
torque lock condition, and then pulsing the shift actua- 
tor, when the non-rally engaged condition is detected, 
between a relatively low force and a relatively high 
force to disturb the clutch collar and the gear out of the 
non-fully engaged condition. The detecting step com- 
prises examining either the axial position of the clutch 
collar or die axial position of a shift rail 
connected to the clutch collar with a rail 
sor. Preferably, a signal having a fflodulatpxl pulse width 
and a frequency of between about 5 and 20 Hertz is sent 
to the shift actuator The system which embodies this 
method is disclosed in the forms of an automated me- 
chanical transmission having sliding clutch collars and a 
transmission system having a standard friction master 
dutch interposed the engine and the transmission. 

21 Claims, 4 Drawing Sheets 
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SYSTEM AND METHOD FOR SLIDING CLUTCH 
ENGAGEMENT UNDER TOOTH BUTT OR 
TORQUE LOCK CONDITIONS 



TECHNICAL FIELD 

This invention relates to a system and method for 
controlling the operation of an automated mechanical 
transmission of a motor vehicle, and more particularly 
to such a system and method fox sensing tooth butt 
and/or torque lock conditions and fox taking action to 
overcome these conditions. . 

BACKGROUND ART 



10 



uonal force exists than the input force trying to slide the 
clutch into full engagement. During torque lock, a sud- 
den torque decrease or reversal may allow the gear to 
fully engage, but until that occurs all of the power flow 
for the gear is through the partial engagement Under 
normal torque lock conditions, the sliding clutch will 
not engage further until a torque reversal has occurred. 
The same phenomenon occurs during a gear butt condi- 
tion. 

A conventional method of recovery from tooth hutt- 
ing and tooth buzzing has been to continue pushing the 
clutch collar and gear toward engagement, or to recy- 
cle the gear box back to neutral and reinitiate engage- 
ment multiple tunes until complete, as disclosed by U.S. 



Automatic mechanical transmission systems compris- 1' Fat. No. 5,099,71 1, assigned to the assignee of the pres- 
ing mechanical transmissions and controls and actuators eut invention and hereby incorporated by reference. 

SSES^^ZSSSEStt SUMMARY OF THE INVENTION 
mined logio rules, are known. Examples of such systems The present invention is a system and method for 
may be seen by reference to U,S, Pat. No. 4,648,290, 20 controlling a shift event in a transmission wherein a shift 
U.S. Pat. No. 4,642/771, U.S. Pat NO- 4,593,9$*, U.S. actuator develops a force to effect the engagement of a 
Pat No. 4>527,447, V S. Pat No. 4,361,060, U.S. Pat dutch collar and a gear. The method comprises detect- 
No* 4,140,031 and US. Pat. No. 4,081,065, the disclo- jag .when a non-rally engaged condition of the clutch 
sores of which are hereby incorporated by reference, collar and the gear occurs, indicating either a tooth butt 
Such systems may also be seen by reference to SAB 25 ot torque lock condition, end then pulsing the shift 



Paper No* 831776 titled "AUTOMATED MECHANI- 
CAL TRANSMISSION CONTROLS," the disclosure 
of which is hereby incorporated by reference* Fault 
tolerance logic routines for automatic transmissions are 
known as may be seen by reference to U.S. Pat No. 
4*922*425, U.S. Pat No. 4,349,8*9 and U.S. Pat No. 
4,899,279, the disclosures of which are hereby mcorpo- 
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actuator, when the non-fully engaged condition is de- 
tected, between a relatively low force and a relatively 
high force to disturb the clutch collar and the gear out 
of the non-fbUy engaged condition. The detecting step 
comprises examining the axial position of either the 
clutch collar or a shift rail operatively connected to the 
clutch collar. Preferably, a signal is applied to the shift 
actuator having a modulated pulse width and a ite- 



rated by reference. 

^^t^J^/^ flfl^S 33 QUttcy of approximately 10 Hem. The system which 

T^LJ^S^L^^^ embodies thfa »=thod is also disposed in the form of <m 
lated to provide a desired engine speed, regardless ot ^.^ti^i^ 
the OpcraWs setting of m^ automated mechanical transmission having sliding 

the prior art Such systems may be seen by reference to ciutcnes. 

U<sT Pat No. 4081 JOGS. UJS. Pat. No. 4,361,060, U.S. Accordingly, it is an object of the present invention 

Pat No. 4.792,901 and by reference to SAB J 1922 and 40 <? provide * new and improved system and method for 

detecting and overcoming a tooth butt and/or torque 

lock condition in the transmission of a motor vehicle. 

This and other objects and advantages of the present 
mvenrion will become apparent from a reading of the 
description of the preferred embodiment in 
cctoon with the drawings. 



SAB J 1936 electronic engine control standards, and 
related standards SAB J1708, J 1587 and J 1843, all of 
which are hereby incorporated by reference. ' 

With automated transmission systems* particularly 
those derived from a manual nrjnsynchronized meehamV 43 
cal transmission* the conditions of tooth butting and/or 
tooth buzzing may occur, for instance when the vehicle 
starts from a stop. Tooth butting occurs when the ends 
of the teeth of the ja W crutch members come into abut- 
ment «itwr than axial mterengagemfiat, far instance 50 
when the rotational speeds of a sliding clutch and of a 
gear are equal or nearly equal when a gear engagement 
is initiated. Eventually the speeds Of the two jaw clutch 
me mber s will change and slip occurs causing a gear 



BRIEF DESCRIPTION OF THE DRAWINGS _ 

FIG. 1 is a schematic view of an automatic mechani- 
cal transmission of the present invention including a 



FIG. 2 Is another schematic Illustration of the auto- 
matic mechanical transmission; 

FIG. 3 is a partial view, in section, of the automatic 



buzz (chatter) during the engagement Tooth 55 mechanical transmission; and 

buzzing thus occurs when the ends of the butted jaw 
clutch teeth go into a grinding relative rotation rather 
than into axial mterengagement as one of the clutch 
members is rotated to overcome butting. In such trans- 
mission systems, especially if the master friction clutch 60 
or torque disconnect clutch is not closely modulated, it 
is desirable to provide logic routines for detecting and 
for overcoming such tooth butt or tooth buzz condl- 



FIG. 4 is a transition diagram of the control system/- 
method logic of the present invenoocu 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



FIGS. 1, 2 and 3 schematically illustrate a torque 
converter lock-up and disconnect clutch assembly 10 
and an automatic mechanical transmission system 12 
utilizing same. The term "automatic mechanical trans- 
Purthermare, during a shift sequence of the gears of 6V5 mission system" as used herein means a system compris - 
a transmission, it is possible to not fully engage the ing at least a throttle device controlled heat engine 16, 
sliding clutch due to torque lock. Torque lock occurs a multi-speed jaw clutch type change gear transmission 
when, due to torque being transmitted, a higher trie- 14. a nonccsitive coupli ng device_snch as fl msstrr frio 
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tion clutch and/or a floid coupling 10/10 int erposed the The above-mentioned devices supply information to 

engine And fhr» tra Txmi<AmTT f an^ a ormtroi unit 50 for and/or accept commands, from an electronic centra] 

automatically controlling same. Such systems will, of processing unit (ECU) SO. The central processing unit 

course, also include sensors and/ox actuators for send- ox controller 50 is preferably based on a digital micro- 

ing input signals to and/or receiving command Output 5 processor, the Specific configuration and Structure of 

signals from the control unit While the present tavern- which form no part of the present invention. The cen- 

tion U suited for use in connection with transmission traJ processing unit 50 also receives information from a 

systems having a torque converter and torque converter shift control or mode selector assembly 52 by which the 

lockup /disconnect clutch, the invention is also partiou- operator may select a reverse (R), a neutral (N), or 

laxly applicable to transmission systems having a stan- 1° several forward drive (T), X^l) modes of operation of 

card friction master dutch drivingly interposed the the vehicle. Typically, the D mode of operation is for 

engine and the transmission, on-bighway vehicle travel while the mode of opera- 

The automatic mechanical transmission system 12 of tion « off-road operation, 

the present invention is intended for use on a land vehi- Th* system also typically includes various sensors, 

cle, such as a heavy duty truck, but is not limited to such 15 circuits, and/or logic routines for sensiog and reacting 

use. The automatic mechanical transmission system 12 to senSQr aad/or actuator failures. As is known, the 

illustrated includes an automatic multi-speed mechani- central processing unit 50 receives inputs from the vari- 

cal change gear transmission 14 driven by a prime 2» sensors . and ^ or operating devices, In addition to 

mover throttle device controlled engine 16 (such as a ihesQ <teect central processing unit 50 may 

diesel engine) through a fluid coupling or torque con- 20 ^ provided with circuitry and/or logic for a^erentia^ 

vertcr assembly 2D. The output of the automatic trans- a*"** ■ * 'provide i calculated signals indic- 

mission 14 is an output shaft 22 which is adapted for J*"? rf *** °f change of the various monitored 

driving connection to an appropriate vehicle compo- dcviccs ' com P are ^P? 1 "finals, 

nent such as the differential of a drive axle, a transfer « ™^£?2? T^.!?"* f* 1 ^? 1 ' 

case, or the Kfce as is wefl known in the prior art. 25 of the last shift, and means for 

As wfll be discussed in greater detail below, the ^J*TSn ^ 0f JF**?* 

torque converter lock-up and disconnect clutch assem- Jl > f ? r P 1 *™^ the 

u« in ^«i llf i M i^A^^ji^u, , , above-mentioned functions is known m the prior art and 

^^TS^ ^S^^^f^! example thereof may be seen by referent to above- 

t^^i^^l^TZ ^Jf^nT^v^ 30 mentioned U.S. Pat. Nos. 4,361,060 and 4,595,986 and- 

verter disconnect clutch 24 and a torque converter , D tiskrisaoo to a tecruiical paper entitled THE 

^ck-up or bypass clutch 26. The tansnuss^ 14 m- AUTOMATION OF MECHAMCAL TRANSMIS- 

crudes a transmission operating mechanism 28 which is <3m*rc» miKiMi-ri a^m^um a# « rcm/cAn 

^^ yfa S e ^^^^^^ tCd -n^erence^ 

^8*^^ ^^ Q ^ OS ^ m 35 Potion Electronics, IEEE Qu3og Number 

tioned U.S. Pat No. 4,445,393. The transmission also S4CH1988-5, the disclosure of which is hereby incorpo- 

pretesbly includes a power synchi^^ «««^ly30 TaseA ^ reference. As is well known in the operation/- 

wMcfa =ay be of die ry^ fllnstrated I and <^sed in of electronic control units, espedafiy rnicro- 

T^TI^^T^T^ -^?;^J ^ ' U.&Pat. No, processor based ECUs, the various logic functions can 

4,023,443 or U.S. Pat. No. 4>614,12* The present mven- te performed by discrete hardwired logic units or by a 

Uoc is also applicable to a uto mat ed mechanical trans- single logic unit operating under different portions or 

mission systems not mcdudmg a power synchroniser subroutines of the control system logic rules (Le. the 

assembly. * software). 

The above-mentioned power train components are fig. 1 shows a more detailed schematic illustration 
acted .upon and monitored by several devices, each of 45 of the torque converter 20 and torque converter lock-up 
which are known in the prior art and will be discussed and disconnect or interrupt dutch assembly 10 driv- 
in greater detail below. These devices may include a ingjy interposed engine 16 and automatic change gear 
throttle position monitor assembly 32 which senses the transmission 14. The torque converter assembly 20 is 
position of the operator ccsrtroued vehicle throttle conventional in that it includes a fluid coupling of the 
pedal or other fuel throttling device, a throttle control 50 torque converter type having an impeller 54 driven by 
34 which controls the supply of fuel to the engine, an the engine output or cranJtehaft 56 through a shroud 58, 
engine speed sensor assembly 36 which senses the rota- a turbine 60 hydraulicaily driven by the impeller and a 
tJonal speed of the engine, a torque converter dieoon- stator or runner 62 whioh becomes grounded to a nous- 
nect clutch and lock-up clutch operator 40 which oper- ing 64 via a one-way roller clutch 66 carried by a shaft 
ates the torque converter disconnect and lock-up 55 68 grounded to the housing 64. Shroud 58 also drives a 
clutches, a transmission input shaft speed sensor 42, a pump 70 for pressurizing the torque converter, lubri cat- 
transmission output shaft speed sensor 44, a transmission ing the transmission, selectively pressuring the transmis- 
shifting mechanism operator 46 for controlling the op- sion shifting iwArflnmicm 28> and/or power synchro niz- 
eratfon of transmission shifting mechanism 28 and/or a ing mechanism 30 and/or operating the disconnect and 
power synchronizer mechanism actuator 43 fox control* 60 bypass clutches 24 and 26. Pump 70 may be of an y 
ling the operation of power synchronizer mechanism known structure such as, for example, a well known 
30. The throttle control 34 may simply be an override crescent gear pump. 

device to reduce ("dip") fuel to the engine to a set or The transmission 14 includes an input shaft 72 driven 
variable level regardless of the operator's positioning of by the engine 16 via the torque converter assembly 20 
the throttle pedaL Alternatively, the throttle control 65 and/or lock-up and disconnect clutch assembly 10. 
may be a portion of an electronic engine control com- Transmission input shaft 72 carries a connecting mem- 
plying with the above-mentioned SAE J 1922, SAE ber 74 fixed thereto for rotation therewith. Cciinccthig 
J1939 or a similar standard. member 74 includes a portion 76 associated with the 
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